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Abstract. The general analysis of the rare B. — D ¢T¢~ decay is presented by using the most general,
model independent effective Hamiltonian. The dependencies of the branching ratios and of the longitudinal,
normal and transversal polarization asymmetries for £~ and the combined asymmetries for £~ and ¢T on the
new Wilson coefficients are investigated. Our analysis shows that the lepton polarization asymmetries are
very sensitive to the scalar and tensor type interactions, which will be very useful in looking for new physics

beyond the standard model.

1 Introduction

Rare B meson decays, induced by flavor-changing neutral
current (FCNC) b — s, d transitions, are excellent places to
search for new physics, because they appear at the same
order as the standard model (SM). In rare B meson decays,
the effects of new physics may appear in two different man-
ners: either through the new contributions to the Wilson
coefficients existing in the SM or through the new structures
in the effective Hamiltonian that are absent in the SM.

There have been many investigations of the new physics
through the study of rare radiative, leptonic and semilep-
tonic decays of B, 4, mesons induced by FCNC transitions
of b — s,d" since the CLEO observation of b — s7 [2]. The
studies will be even more complete if similar decays for B,
are also included.

The study of the B, meson is by itself quite interesting
too, due to its outstanding features [3—5]. It is the lowest
bound state of two heavy quarks (b and ¢) with explicit fla-
vor that can be compared with the charmonium (c¢¢ bound
state) and bottomium (bb bound state), which have implicit
flavor. The implicit-flavor states decay strongly and electro-
magnetically, whereas the B. meson decays weakly. The ma-
jor difference between the weak decay properties of B, and
By, a,s is that those of the latter ones are described very well
in the framework of the heavy quark limit, which gives some
relations between the form factors of the physical process. In
the case of the B, meson, the heavy flavor and spin symme-
tries must be reconsidered, because both b and c are heavy.

From the experimental side, the running B factories in
KEK and SLAC continue to collect data samples and en-
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courage the study of rare B meson decays. It is believed
that in future experiments at hadronic colliders, such as
the BTeV and LHC-B, most of the rare B, decays should
be accessible.

One of the efficient ways in establishing new physics
beyond the SM is the measurement of the lepton polar-
ization [7—17]. In this work we present a study of the
branching ratio and lepton polarizations in the exclusive
B, — D44~ (€ = p, ) decay for a general form of the ef-
fective Hamiltonian, including all possible form of interac-
tions in a model independent way without forcing concrete
values for the Wilson coefficients corresponding to any spe-
cific model.

It is well known that the theoretical study of the in-
clusive decays is rather easy, but their experimental in-
vestigation is difficult. However, for the exclusive decays
the situation is contrary to the inclusive case, i.e., their
experimental detection is very easy, but the theoretical in-
vestigation has its own drawbacks. This is due to the fact
that for the description of the exclusive decay the form fac-
tors, i.e., the matrix elements of the effective Hamiltonian
between initial and final meson states, are needed. This
problem is related to the nonperturbative sector of QCD,
and it can only be solved in the framework of the nonper-
turbative approaches.

These matrix elements have been studied in the frame-
works of different approaches, such as light front, con-
stituent quark models [5], and the relativistic quark model
proposed in [6]. In this work, we will use the weak decay
form factors calculated in [6].

The paper is organized as follows. In Sect. 2, we first
give the effective Hamiltonian for the quark level process
b — s{T¢~ and the definitions of the form factors, and then
introduce the corresponding matrix element. In Sect. 3, we
present the model independent expressions for the longitu-
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dinal, transversal and normal polarizations of the leptons.
We also give the combined lepton—antilepton asymmetries.
Section 4 is devoted to the numerical analysis and to a dis-
cussion of our results.

2 Effective Hamiltonian

In the standard effective Hamiltonian approach, the
B, — D41~ decay is described at the quark level by the
b — s{T¢~ process, which can be written in terms of twelve
model independent four-Fermi interactions, as follows [12]:
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where the chiral projection operators L and R in (1) are
defined by

1475
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and Cx are the coefficients of the four-Fermi interactions.
The coefficients C's;, and Cgpg are the nonlocal Fermi inter-
actions that correspond to —277150‘7sff and —2mbC$ff in the
SM, respectively. The following four terms in (1) are the
vector type interactions with coefficients Crr, Crr, CrL
and Crr. Two of these vector interactions, containing C'}f
and CI%, already exist in the SM in combinations of the

form (C§T — C10) and (CST+ C1p). Therefore, we write

CiF =C§"—Cio+Cry,
Ciot =Cs" + Cio+CrR,

so that C1% and C}% describe the sum of the contribu-
tions from SM and new physics. The terms with coeflicients
CLRLR, CRLLRa CLRRL and CRLRL describe the scalar
type interactions. The remaining two terms with the coef-
ficients Cr and C'rg describe the tensor type interactions.

After giving the general form of the four-Fermi interac-
tion for the b — s¢T¢~ transition, we now need to estimate
the matrix element for the B, — D*{™ ¢~ decay. These can
be expressed in terms of the invariant form factors as follows:
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where ¢ = pp, —pps is the momentum transfer, and ¢ is
the polarization vector of D} meson. The matrix element
(D*|3(1£5)b|B) is calculated by contracting both sides
of (2) with ¢* and using the equation of motion.

By using (1)—(5), we can now write the matrix element
of the B, — D¢ £~ decay as

M(B. — D7)
= Ga Vs Vis { " (1 — v5)0[ — 2A1€0n eVphiq®
4o T prao= FDs
—iBie}, +iB2(e*q)(pB. + ppx)u +1Bs(e*q) g,

+ " (14 75)€[ — 2C1€ur0€™ P2 q” — D1 €],

+iD2(e*q)(pB. +Ppr)u +1Ds(e"q)q,]
+0(1 —5)€[iBa(e*q)] + (1 +5)¢[iBs(e*q)]
+400" U(iCreuvre) [ — 296" (P, +PD2)”
+Bee*q” — Br(e*q)pp: ¢
+ 16CTEZO-MV£|:_ QQE*u(pBC +pD;)V
+ Bec*"'q" — Br(e*q)pps"q”] } (6)
where

v
Ay = (C%F + Cry) — (Cer+Csr) qu :

mp, +mpx
By = (C{% — Crr)(mp. —mpzx) Ao

a
= (Car = Cs1)(m, ~mi;) 5
Ctot _ C a
By= FEURL AL (Cpr—Csy) .
mpB, +Mpz q
33 — (Ctot _ CRL) A
LL mp, +mpx
+2(Cpr—Csr)(ay — ao) cq4 °,



U.O. Yilmaz, G. Turan: General analysis of the rare B, — D*¢7¢~ decay beyond the standard model 65

mp, —Mpx*

c s

By = —(Crrrr —CRLRL)

q2
X <A0—A_ - 5 2 > s
mp, —Mpsx

Bs = —(Crrrr— CRrLLR)

q2
2
B7 = qz(g—ao—a+)7
Cl A1 Czolt/ — Czol%, CRL — CRR y
D = Bl CtOt — CEOI%,CRL — CRR

tot tot
CLOL — CLOR, CRL — CRR
Cmt — CLRaCRL — CRR

?

)
)
)
)-

RSN
|
5

3 Lepton polarizations

We now would like to calculate the final lepton polariza-
tions for the B, — D*¢T ¢~ decay. To this aim, we will use
the convention followed by the earlier works, such as [11,
12], and define the following orthogonal unit vectors: S; *
in the rest frame of £~ and S;* in the rest frame of £+,
for the polarization of the leptons along the longitudinal
(¢ =L), transverse (¢ = T) and normal (¢ = N) directions,

by
_ _ P-
St = (O,eL) = (0, |p|> ,

where p+ and p are the three momenta of /* and the D?
meson in the center of mass (CM) frame of the £7¢~ sys-
tem, respectively. The longitudinal unit vectors S|, and Sff
are boosted to the CM frame of £7¢~ by a Lorentz trans-
formation,

S*IL _ (|p| Efp* )
L,cM my 7me|p—| ’
— Egp,
S+M _ (|p | ,— ) , 9
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while vectors of perpendicular directions are not changed
by the boost.

The differential decay rate of the B, — D} ¢*{~ decay
for any spin direction n* of the £* can be written in the
following form:

df(ni) 1/dr + + + + + .+ +
ds 2\ ds 0[1+(PL e; +Pyey +Prer) -n*],
(10)
where n® is the unit vector in the ¢* rest frame, and

s=q%/ mQBC. Here, the superscripts 7 and ~ correspond to
the T and £~ cases, and the subscript ¢ corresponds to the
unpolarized decay rate, whose explicit form is given by
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where A =1+72+52—2r—25—2rs ,r= mQD*/m2BC, and
\/ 1-— 2‘ is the lepton velocity.
MBe

The polarlzations PE, P and PE in (10) are defined
by the equation

gy (=)~ B = )
T 0 () 4 3 (=)

fori=L,N,T,i.e., Pi and P% represent the charged lep-
ton ¢* longltudmal and transversal asymmetries in the
decay plane, respectively, and PN is the normal component
to both of them. After some lengthy algebra, we get for the
longitudinal polarization of the ¢+
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where A is the term inside the curly brackets of (11).
Similarly, we find for the transverse polarization P%[
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Finally, for the normal asymmetries we get From (12)—(16), we observe that for longitudinal and
. normal polarizations, the difference between the £+ and £~
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9 N + mBCmg)\Re [(Al—i—Cl)(gCTE) ]
—16mBCs(Im [Al(C'T—FZC'TE)Bg] 3%
+Im [CT(CT—QCTE)B(;]) T3, me[A+12r(1—7r)] Re [(B1+D1)(QCT)*]

+32m3, (1 —r)(Tm [A}(Cr +2CTE)g]

+Im [Cl (Cr—2C7R)g D
—32(Im [B CT+2CTE) ] x Re [(B2+D2)(QCT)*]} : (17)

—Im | D7 (Cr —2C
m[ 1(Or = 5 )9 ]) . For the case of transverse polarization, it is the
+512mf(|CT| 4|CTE| )Im (369)}' (16) difference of the lepton and antilepton polarizations

32
+ Srchmg/\(l +3r—s)
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that is relevant, and it can be calculated from (13)
and (14):

™

A
+ m%CARe [(Bz +D2)(BZ _B;)]

_ 2
Pr —P%’ = ch\/S/\{rsm%CmE(l_r))‘HBﬂQ— |D2|2]

+ “m% meARe [(B2+ D2)(Bj — D3)]

+ “mE me(1+3r—s)

x [Re (B1D3) — Re (BoD})]
2
+ smg(l —r—3) [|B1|2 — |D1|2]

1
.
2
.
2
.
[

—=

— “m%, (1—r—s)Re[(B1+Dy)(B} - B:)]

N3

—“mE me(l—7—35)

x Re [(Bl +D1)(B§ — D;)]
- r2sm2BCme[/\+ (1-r)(1—r—2s)]
x [Re (B1B3) —Re (D1D3)]

32 "
- rsm2ch§>‘Re [(B1— D1)(B:Crg)"]

<

32

+ Tsm‘}gcmf)\(l —r)Re [(B2 — D2)(B7Crg)*]
16

+ mp, meARe [(By— Bs)(B7Crg)*]

32
+ r m}écmf)\Re [(Bg —Dg)(B7CTE)*]

64 .
+mm§(1—r—s) Re [(B1— D1)(BsCri)*]
64 o o

TSchme( 7)( r—35)

x Re [(B2 — D2)(BsCrE)*]

_ 3T2m2chg(1 —7r—3)

x Re [(Bs— Bs)(BsCrg)*]

- 6r4m2chf(1 —r—3s)

x Re [(Bs — D3)(BsCre)*]
+32mp, sv® Re [(A1 — C1)(BsCr)*]

64
+ . m%, me(1+3r —s)

x Re [(Bs— Bs)(9CrE)*]

—64mp (1—r)v”Re [(A1 —C1)(9Cr)"]
+ 1r258 [m2Bc7"s —mZ(1+7r —s)]

x Re [(B1—D1)(9CrE)"]

- 1T2S8m236m§(1 —7r)(143r—s)

x Re [(B2 — D2)(9CrE)"]

+ 1i8m2ch§(1 +3r—s)

x Re [(Bg — D3)(QCTE)*]} . (18)

In the same manner, it follows from (15) and (16) that

P{+ P = va%c\/.’i)\
2
—ng(1—|—37‘—s)hn[(B1—Dl)(B;—DS)]

1
A

X
—N

mg(1—r—s)Im [(B1 — Dy1)(B; — D3)]

e S B B

(1—r—s)Im [(B; — Dy)(B; — B?)]

+ “m%_meAIm [(B2 — Ds)(B5 — Dj)]

+ mpAlm [(By — Dy) (B - B3)]
+32m%_sIm [(A1 + C1)(BsCr)*]
+1024my(|Cr|* - |4CT|?) Im (B g)
— 64m%c(1 — 7”) Im [(A1 + 01)(gCT)*]

+1281m [(B1 + D1)(9Cre)*]} (19)
It can be seen from (17) that in P + P, the terms con-
taining the SM contribution, i.e., terms containing Cpg,
Csr, Ci°f and C}% completely cancel. For this reason,
a measurement of the nonzero value of P, + P, in future
experiments may be an indication of the discovery of new
physics beyond the SM.

Before going into the details of our numerical an-
alysis we like to note a final point about the numeri-
cal calculations of the polarization asymmetries. As seen
from (12)—(19), all the expressions of the lepton polar-
izations depend on both s = ¢*/m%_ and the new Wilson
coeflicients. However, it may experimentally be easier to
study the dependence of the polarizations of each lepton on
the new Wilson coeflicients only. For this reason we elimi-
nate the s dependence by considering their averaged forms
over the allowed kinematical region. The averaged lepton
polarizations are defined by

(1—mD;/MBC)2 dB
/ P; ds
(

2my/mp,)>? ds

P) =
(i) /(1mD;/ch)2 dB
(

(20)

d
dss

2my/mp,)?

4 Numerical analysis and discussion

We here present our numerical analysis of the branching
ratios and the averaged polarization asymmetries (P ),
(Pr) and (Py) of ¢~ for the B, — D*¢*¢~ decays with
{ = p, 7, as well as the lepton—antilepton combined asym-
metries (P + P), (Py — Pi) and (Py + PY). We first
give the input parameters used in our numerical analysis:

mp, = 6.50 GeV , mpx =2.112 GeV
mp =4.8 GeV | m,, = 0.105 GeV ,
m;=1.77GeV ,
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a1=129,

7B, = 0.46 x 10~ *?s.
(21)

|V V| = 0.0385,
Gr=117x10"°5GeV 2,

The values of the individual Wilson coefficients that ap-
pear in the SM are listed in Table 1. The values for the
mass and the lifetime of the B. meson given above in (21)
were reported by the CDF Collaboration [20, 21]. Recently,
CDF quoted a new value of mp, = 6.2857+0.0053+
0.0012 GeV [22]. Also, DO has observed B. and reported
the preliminary results mp, = 5.95701534+0.34GeV and
7p, = 0.457012 +0.12 [23]. However, we observed that our
numerical results are not sensitive to the numerical values
of mp, within 3-5%.

We note that the value of the Wilson coefficient C§T
in Table 1 corresponds only to the short-distance contribu-
tions. C§T also receives long-distance contributions due to
the conversion of the real cc into a lepton pair £7¢~, and
they are usually absorbed into a redefinition of the short-
distance Wilson coefficients:

C5™ (1) = Co () +Y (n), (22)

where

Y (1) = Yieson + (Y, 5)[3C1 (1) + Ca(p) + 3C3(n)
+ Cy(p) +3C5 (1) + Co ()]

— L B(L8)(AC3 () +4Ca (1) + 3C5(0) + Co(1)
— 10, 9)[C5(1) +3Cs(w)]
+2805(n) + Ca) +3C5 () + Colw)), (25)

with y = m./mp, and the functions h(y,s) arise from
the one loop contributions of the four quark operators
01, . .., Og and their explicit forms can be found in [24—26].
It is possible to parametrize the resonance ¢c contribution
Yieson(8) in (23) using a Breit—Wigner shape with normal-
izations fixed by the data given by [27]:

3

>
a2

M V=,
x [3C1 (1) + Ca(p) +3C3(p)
+ Cy(p) +3C5(n) + Co ()],

7rF(Vi — E"’E—)mvi

2

Y;eson(s) =
Sch —

my; —|—imViFVi

(24)

where the phenomenological parameter k is usually taken
as ~ 2.3.

As for the values of the new Wilson coefficients, they
are the free parameters in this work, but it is possible to
establish the ranges out of the experimentally measured
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branching ratios of the semileptonic and also purely lep-
tonic rare B meson decays:

BR(B — K(1¢7) = (0.7570 37 +£0.09) x 107,
BR(B — K*p ™) = (0.9753+£0.1) x 107°,

reported by the Belle and Babar Collaborations [28,29].
There is now also available an upper bound of pure leptonic
rare B decays in the B® — u = mode [30]:

BR(B® = utpu™) <2.0x107".

Being in accordance with this upper limit and also with the
above mentioned measurements of the branching ratios for
the semileptonic rare B decays, we take in this work all new
Wilson coefficients as real and varying in the region —4 <
Cx <4.

Among the new Wilson coefficients that appear in (1),
those related to the helicity-flipped counter-parts of the
SM operators, namely, Crr, and Crpg, vanish in all models
with minimal flavor violation in the limit mg, — 0. How-
ever, there are some MSSM scenarios in which there are
finite contributions from these vector operators even for
a vanishing s-quark mass. In addition, scalar type inter-
actions can also contribute through the neutral Higgs di-
agrams in e.g. multi-Higgs doublet models and MSSM for
some regions of the parameter spaces of the related models.
In the literature, there exist studies to establish the ranges
out of the constraints under various precision measure-
ments for these coeflicients (see e.g. [31]), and our choices
for the range of the new Wilson coefficients are in agree-
ment with these calculations.

To make some numerical predictions, we also need the
explicit forms of the form factors Ag, Ay, A_, V, ao, a+
and g. In our work we have used the results of [6], in which
the ¢? dependencies of the form factors are given by

ra=, "0
(1—as+0bs?)

where the values of the parameters F'(0), a and b for the

B. — D} decay are listed in Table 2.

We present the results of our analysis in a series of
figures. Before discussing these figures, we give our SM pre-
dictions for the longitudinal, transverse and the normal
components of the lepton polarizations for B, — D¢t ¢~
decay for the y (7) channel for reference:

P) =0.6211(0.6321)
Pr ) =0.0017(0.0468) ,
Py ) =-0.0837(—0.17).

(
(
(

Table 1. Values of the SM Wilson coefficients at the pu ~ my scale

C1 Ca Cs
—0.248 +1.107 +4-0.011

Cy

Cs

—0.026 +0.007

cst Cy
—0.313 +4.344

Cs
—0.031

Cio
—4.624
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Table 2. B. meson decay form fac-
tors in a relativistic constituent
quark model

F(0) a b
Ao 0.279 1.30 0.149
Ay 0.156 2.16 1.15
A_ —0.321 2.41 1.51
|4 0.290 2.40 1.49
ap 0.178 1.21 0.125
at 0.178 2.14 1.14
g 0.179 2.51 1.67

Figures 1 and 2 give the dependence of the inte-
grated branching ratio (BR) on the new Wilson coef-
ficients for the B, — Diu*p~ and B. — Ditt7~ de-
cays, respectively. From these figures we see that BR
depends strongly on the tensor interactions and weakly
on the vector interactions, while it is completely insen-
sitive to the scalar type of interactions. It is also clear
from these figures that the dependence of the BR on the
new Wilson coeflicients is symmetric with respect to the
zero point for the muon final state, but such a symme-
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*Q ) Cop —— | .
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Cx
Fig. 1. The dependence of the integrated branching ratio for

the Be — DX pT ™ decay on the new Wilson coefficients
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Q
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Fig. 2. The dependence of the integrated branching ratio for
the B, — D:’T+7'7 decay on the new Wilson coefficients

try is not observed for the tau final state for the tensor
interactions.

In Figs. 3 and 4, we present the dependence of the av-
eraged longitudinal polarization (P ) of £~ and the com-
bined averaged (P, + P;) for the B. — D*utpu~ decay
on the new Wilson coefficients. We observe that (P[ ) is
more sensitive to the existence of the tensor type interac-
tions, while the combined average (P; + P;") is sensitive
to that of the scalar type interactions only. The fact that
(P 4 P;") does not exhibit any dependence on the vector
type of interactions is a result already expected, since the
vector type interactions are cancelled when the longitudi-
nal polarizations asymmetry of the lepton and antilepton
are considered together. We also note that the values of
(P;) become substantially different from the SM value
(at Cx =0) as Cx becomes different from zero, which in-
dicates that the measurement of the longitudinal lepton
polarization in B, — D*utu~ decay can be very useful to
investigate new physics beyond the SM. From Fig. 3, we
see that the contributions coming from all types of interac-
tions to (P ) are positive and they are increasing (decreas-
ing) functions of both Cr and Crg for negative (positive)

1.1 T T T T T T T
Crrrr = CrirL
. Crrer = CRLLR  + .
~ 09 i -
t C’fgf }”*” e
S
1 |
A
7 5
Vool P RN .
L —e--2nF e e e o
I | R | L1 | | T .
-4 -3 -2 -1 0 1 2 3 4
Cx

Fig. 3. The dependence of the averaged longitudinal polar-
ization (P ) of £~ for the Bc — DXupTp~ decay on the new
Wilson coefficients

0.08 -

0.05 [ ) CRLLR ) _
0.02F P .
-0.01

-0.04

-0.07

<P, +Pf >(B,—D"u"pu)

Fig. 4. The dependence of the combined averaged longitudinal
lepton polarization (P + PL+ ) for the B, — Dj ™ decay on
the new Wilson coefficients



72 U.0. Yilmaz, G. Turan: General analysis of the rare B. — D¢ ¢~ decay beyond the standard model

values. We observe from Fig. 4 that (P, + P[") becomes
zero at C'x = 0, which conforms to the SM results, and its
dependence on Cx is symmetric with respect to this zero
value. It is also interesting to note that (P + P;") is posi-
tive for all values of C g1 r and Crr g, while it is negative
for the remaining scalar type interactions.

Figures 5 and 6 are the same as Figs. 3 and 4, but for
B. — D77~ Similar to the muon case, (P ) is more
sensitive to the tensor interactions than the other ones.
The contributions to (P ) from all types of interactions
are positive for all values of Cx except for Crg: in the
region 0.25 5 Crg <4, (P ) changes sign and becomes
negative. As for the main interesting point in Fig. 6, al-
though (P + P;") for the B. — D*u*p~ decay depends
only on the scalar interactions, for B, — D*7 7~ decay it
is also, and very sensitively, dependent on the tensor type
of interactions. It is also interesting to note that (P +
P[t) changes sign: it takes positive (negative) values for
the negative (positive) values of Cr and Crg. Thus, one
can provide valuable information about new physics by de-
termining the sign and the magnitude of (P + ;). We
finally note that as in the case of the muon final state, in the
tau final state too, (P, + P;") becomes zero at Cy =0 and
confirms the SM result.

In Figs. 7 and 8, we present the dependence of the aver-
aged transverse polarization (P ) of £~ and the combined
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o
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=
*
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Fig. 6. The same as Fig. 4, but for the B — D77~ decay
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Fig. 7. The dependence of the averaged transverse polariza-
tion (Pr ) of £~ for the B. — D} decay on the new Wil-
son coeflicients
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Fig. 8. The dependence of the combined averaged transverse
lepton polarization (P — P%“ ) for the B, — Diyutp™ decay
on the new Wilson coefficients

averaged (Py — Pf) for B, — D*p"p~ decay on the new
Wilson coefficients. From these figures, it is seen that for
(Pr ), there appears a strong dependence on the tensor
and scalar interactions and also a weak dependence on the
vector interactions. On the other hand, the vector contri-
butions to the (P — Py is negligible and the main contri-
bution comes from the tensor interactions and the Crrrr
and Crprr, components of the scalar interactions. As seen
from Figs. 7 and 8, both (Pr ) and (P — P;) are positive
(negative) for negative (positive) values of Cr and Crrry,
except in a region about the zero values of the coefficients,
—1 5 Cx £ 1, while their behaviors with respect to Crg
and Cprgr are opposite. Therefore, determination of the
sign and magnitude of these observables can also give use-
ful information about the existence of new physics.
Figures 9 and 10 are the same as Figs. 7 and 8, but
for B, — D17~ . We see from Fig. 9 that (Pr) is quite
sensitive to all types of interactions, and the behavior
of the scalar interaction is identical for the coefficients
CLRRLa CLRLR and CRLLRa CRLRL in pairs. It can be seen
from Fig. 10 that, although the tensor and scalar interac-
tions are dominant for (Py — Pit), the dependence of the
vector interactions is also more sizable as compared with
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T T T I | LT I
: Crrrr = CLrLR
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Cp ---e--
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Fig. 10. The same as Fig. 8, but for the B, — D777~ decay

the case of the muon final state. In addition, changes in
sign of (Py) and (P; — Pf) are observed depending on
the change in the tensor and scalar interaction coefficients,
whose measure may provide useful tools for new physics.
In Figs. 11 and 12, we present the dependence of the av-
eraged normal polarization (Py) of £~ and the combined
averaged (Py + Py for B, — D?u*p~ decay on the new

0.03 T T T T ,| T

CrLrrL =
CrLrL =

0.0l

20.01F e -

<Py >(B.—Dputp)

4 3 2 - 0 1 2 3 4
Cx

Fig. 11. The dependence of the averaged normal polarization
(Py) of £~ for the Be — D¥uTp~ decay on the new Wilson
coefficients
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Fig. 12. The dependence of the combined averaged normal
lepton polarization (Py + Pﬁ ) for the B. — Dj w ™ decay on
the new Wilson coefficients

Wilson coefficients. We see from Fig. 11 that (Py ) strongly
depends on the tensor interactions. Its dependence on the
scalar type of interactions is moderate and identical for the
coefficients CLRRL7 CLRLR and CRLLR» CRLRL in pairs.
As seen from Fig. 12, the behavior of (Py + Py) is deter-
mined by the tensor interactions only. We also observe that
(Py + PY) is positive (negative) when Cr <0 (Cr > 0),
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0.12 R Op e o
Cre
— R Cpp - - % --
: Crr seeeBeees
= Cp ——
JL CLRrRL o Cpr  —
“LRLR
* 0.08 F ~— - Crrrr = CRiLR - ----- —
Q @

. T T T I T T T
- A
= 0.08 - Lo _
Q :
T : o T
B 004 -
A |
RZ . o"'q.
+ e by
= O ‘-,,_
¥ ‘ '0..> - - -e--*
\Y )i
] ] ] | ] ] ]

Fig. 14. The same as Fig. 11, but for the B — D¥7 7~ decay
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while its behavior with respect to Crg is opposite. Further-
more, (Py + Py) becomes zero at Cx = 0, as expected in
the SM.

Figures 13 and 14 are the same as Figs. 11 and 12,
but for B, — D*7+7~. We first note that, opposite to the
muon final state case, here (Py) depends on all types of
interactions, although the dependence on the tensor inter-
action is stronger. We also observe that (Py ) always takes
positive values, except when Crp S —0.25 and Cr 2 2. As
seen from Fig. 14, (Py + PY) depends only on the tensor
interactions, and its behavior is the same as that of the
muon final state case.

In conclusion, we present the most general analysis
of the lepton polarization asymmetries in the rare B, —
Dx¢* ¢~ decay using the general, model independent form
of the effective Hamiltonian. The dependence of the longi-
tudinal, transversal and normal polarization asymmetries
of £~ and their combined asymmetries on the new Wilson
coeflicients are studied. It is found that the lepton polar-
ization asymmetries are very sensitive to the existence of
tensor and scalar type interactions. Moreover, (Pr) and
(Px) change signs as the new Wilson coefficients vary in
the region of interest. This conclusion is valid also for the
combined polarization effects (P + P;), (Py — Pf) and
(Pg + PY) for the same decay channel. It is well known
that in the SM (P +P[") =(Pp — P{) = (Py + P) ~0
in the limit my — 0. Therefore any deviation from this re-
lation and the determination of the sign of the polarization
is decisive and is an effective tool in looking for new physics
beyond the SM.
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